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Abstract. The data on the tensor Ayy, Axx, Axz and vector Ay analyzing powers in the dd →
3Hen
obtained at Td = 270 MeV in the angular range 0
◦ – 110◦ in the c.m. are presented. The observed negative
sign of the tensor analyzing powers Ayy, Axx and Axz at small angles clearly demonstrate the sensitivity
to the ratio of the D and S wave component of the 3He wave function. However, the one-nucleon exchange
calculations by using the standard 3He wave functions have failed to reproduce the strong variation of the
tensor analyzing powers as a function of the angle in the c.m.
PACS. 24.70.+s Polarization phenomena in reactions – 25.10.+s Nuclear reactions involving few-nucleon
system – 21.45.+v Few-body systems
1 Introduction
Intensive theoretical and experimental efforts performed
during last years led to a new generation of realistic nucleon-
nucleon (NN) potentials like AV-18 [1], CD-Bonn [2], Ni-
jmegen I, II and 93 [3] etc. These potentials describe the
existing NN scattering data up to 350 MeV with an un-
precedented precision. However, already in the elastic Nd
scattering there are significant discrepancies between the
measured observables and the Faddeev calculations based
on pairwise NN potentials (see review [4] and references
therein). A part of this discrepancy in the cross section
at the energies ≤135 MeV/nucleon [5,6] has been reduced
by including three nucleon forces (3NF ). At higher kinetic
energies, the backward angles require more sophisticated
approaches with a new type of 3NF and/or relativistic
corrections [6,7]. On the other hand, Faddeev calcula-
tions cannot reproduce the behavior of the polarization
observables in the dp elastic scattering [7,8,9,10,11,12,
13]. These results clearly indicate deficiencies in the spin-
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dependent part of the 3NF models used in the calcula-
tions.
In this respect, three nucleon bound states are of par-
ticular interest, because even such a fundamental quantity
as the binding energy of the system cannot be reproduced
by calculations with modern pairwise nucleon-nucleon po-
tentials [4]. Since the binding energy is known to be closely
related with the power of spin-dependent forces such as
the tensor and/or three-nucleon forces, an experimental
study of the spin structure of three-nucleon bound system
is crucial to understand the source of underbinding.
The non-relativistic Faddeev calculations [14] for three-
nucleon bound state have predicted that the dominant
components of the 3He ground state are as follows: a spa-
tially symmetric S-state, where the 3He spin due to the
neutron and two protons are in a spin singlet state; and
a D-state, where all three nucleon spins are oriented op-
posite to the 3He spin. The S-state is found to dominate
at small momenta while D-state dominates at large mo-
menta. The relative sign of the D- and S- waves in the mo-
mentum space is positive at small and moderate nucleon
momenta [15]. The data sensitive to the three-nucleon
bound state spin structure are scarce and new polariza-
tion data, especially at short internucleonic distances, are
of great importance.
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The 3He structure information is contained in the spin-
dependent spectral function SNσˆ (E,q) [16], defined as the
probability density of nucleon N found in the 3He nucleus
with separation energy E, momentum q, and spin along
(opposite to) the 3He spin indicated by σˆ=+(–). The nu-
cleon momentum distribution in 3He is described by the
spin-averaged spectral function SN(E,q).
The nucleon momentum distribution, or SN (E,q),
was investigated by the reactions of quasielastic knockout
of the 3He constituent nucleons. The spectral functions
SN (E,q) extracted by the plane-wave impulse approxima-
tion (PWIA) analysis from the 3He(e, ep) [17], 3He(p, 2p)d,
and 3He(p, pd)p reactions [18], were found to be in a rea-
sonable agreement.
To investigate the spin-dependent spectral function
SNσˆ (E,q), one needs to measure the polarization observ-
ables. Spin correlations for the quasielastic 3He(p, pN) re-
actions were measured at IUCF Cooler Ring [19] up to
the internal nucleon momentum q ∼ 400 MeV/c. The spin
asymmetry in the momentum distribution proportional to
SN+ (E,q) - S
N
−
(E,q), was extracted from the experimen-
tal results by the PWIA analysis and compared with the
Faddeev solution. A good agreement of the experimen-
tal neutron and proton spin-dependent spectral functions
with the Faddeev calculations [14] was observed at low nu-
cleon momenta. However, there is a discrepancy between
the experiment and theory in the region of q≥ 300MeV/c.
This deviation can be caused by the uncertainty of the
high-momentum spin structure of the 3He as well as by
the reaction mechanisms which have not been taken into
account in PWIA.
The radiative deuteron-proton capture reaction, dp→
3Heγ, at intermediate energies involves a large momentum
transfer and therefore can be used to study high momen-
tum components of the 3He wave function. The measure-
ments of the tensor analyzing powers [20] have shown their
sensitivity to the D-state component in 3He. Recently the
vectorAy and tensorAyy, Axx analyzing powers have been
measured at KV I at 55, 66.5 and 90 MeV/nucleon [21].
The data are in a good agreement with the results of Fad-
deev calculations obtained by the Bochum-Cracow [22]
and Hannover groups [23], which have shown the effect
of 3NF to be small at these energies. However, the KV I
data [21] are in strong contradiction with the Axx data
obtained at 100 MeV/nucleon at RCNP [24].
The d3He- backward elastic scattering and dd →
3Hen(3Hp) reactions at intermediate and high energies are
the one-nucleon exchange (ONE) processes with a large
momentum transfer and, therefore, can be used as an ef-
fective tool to investigate the 3He structure at short dis-
tances. The theoretical analysis of the dd→ 3Hen reaction
[25] performed within ONE approximation, has shown
that the tensor analyzing powers due to polarization of
the incident deuteron are sensitive to the spin distribution
of neutron, when 3He is emitted in the forward direction
in the c.m. Tensor analyzing powers are sensitive to the
ratio of the D and S wave component of the 3He wave
function at intermediate energies [25,26].
The polarization data for dd- scattering at intermedi-
ate energies are scarce. But more data have been obtained
on the analyzing powers in the dd- elastic scattering [27],
dd → 3Hen and dd → 3Hp reactions [28] at low ener-
gies. These data have been reproduced with the four-body
calculations by solving Alt-Grassberger-Sandhas [29] and
Faddeev-Yakubovsky [30] equations, and hyperspherical
harmonics methods [31]. However, at the moment these
calculations cannot be applied to the higher energies.
The experiment on the measurement of the energy and
angular dependences of the tensor analyzing powers in the
dd→ 3Hen(3Hp) process in the conditions, when the con-
tribution from theD- state in 3He(3H) becomes larger, has
been performed at RIKEN. Obtained at the deuteron ki-
netic energy of 140, 200 and 270 MeV the data on the ten-
sor analyzing powers T20 in the dd →
3He(0◦)n(3H(0◦)p)
reaction have positive values [32], which are in a good
agreement with the T20 data in d
3He- backward elastic
scattering [33] and clearly demonstrate the sensitivity to
the D- wave effect in the three nucleon bound states.
This paper gives the data on the angular distribution
of the analyzing powers Ayy, Axx, Axz and Ay in the dd→
3Hen reaction at 270 MeV of the deuteron kinetic energy.
The details of the experimental procedure are described
in section 2, the results are discussed in section 3, the
conclusions are written in section 4.
2 Experiment
The experiment has been performed at RIKEN Accel-
erator Research Facility. The details of the experiment
were discussed elsewhere [32], below we mention briefly
the main items of the experimental procedure.
The high-intensity polarized deuteron beam was pro-
duced by the polarized ion source (PIS) [34] and acceler-
ated by the AVF and Ring Cyclotrons up to the energy of
270 MeV. The direction of the symmetry axis of the beam
polarization was controlled with a Wien-filter located at
the exit of the PIS.
The polarization of the deuteron beam was measured
with two beam-line polarimeters. The dp elastic scattering
was used with the known large values of the tensor and
vector analyzing powersAy, Ayy, Axx and Axz [8,9]. These
data of the analyzing powers [8,9] were taken to analyze
dp- elastic scattering at 140 and 270MeV. The values were
obtained for the polarized deuteron beam, whose absolute
polarization had been calibrated via the 12C(d, α)10B∗[2+]
reaction [35].
The first polarimeter situated downstream of the Ring
Cyclotron was used for the beam polarization monitor-
ing while taking data. The second polarimeter (SWPOL)
located in front of the scattering chamber in the experi-
mental hall measured polarization before and after each
run. The polarization values obtained from the both po-
larimeters agreed with each other within the statistical
accuracy, therefore, the beam polarization for each polar-
ization state of the PIS was taken as a weighted average
of the values obtained by these polarimeters.
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Fig. 1. Spectrometer SMART and the detection system. PDi
and PQi are the dipole and quadrupole magnets, respectively;
MWDC are the multiwire drift chambers; SWPOL is the
beam-line deuteron polarimeter; FP1 and FP2 are the focal
planes of the spectrometer.
In the present experiment the data were taken for
the vector and tensor polarization modes which had the
following theoretical maximum polarization: (pz , pzz) =
(0, 0), (0,−2), (−2/3, 0) and (1/3, 1). The actual values
of the beam polarization were between 45 and 85 % of
the maximum theoretical value. The systematic error due
to the uncertainties of the dp-elastic scattering analyzing
power values [8,9] does not exceed ∼ 2% both for the vec-
tor and tensor polarization of the beam. The systematic
and statistical errors have been added in quadrature to
calculate the total error of the beam polarization values.
The layout of the experiment is shown in Fig.1.
SMART spectrograph (Swinger and Magnetic Analyzer
with a Rotator and a Twister) [36] was used for these mea-
surements. The measurements of the particle momentum
and separation from the primary beam were performed by
the magnetic system of SMART spectrograph consisting
of two dipole and three quadrupole magnets (Q-Q-D-Q-
D).
Two deuterated polyethylene (CD2) sheets of
54 mg/cm2 and 32 mg/cm2 thick [37] placed in the
scattering chamber of the SMART were taken as the
deuterium targets. The carbon foil 34 mg/cm2 thick was
used to measure the background spectra.
The detection system of SMART at the focal point
FP2 consisted of three plastic scintillation counters and
a multiwire drift chamber (MWDC). The coincidence of
the signal outputs of all the three scintillation counters
was employed as the event trigger. Pulse heights of the
plastic scintillation counters were used to select the parti-
cle of interest at the trigger level. Protons and deuterons
were partly suppressed by raising threshold levels of the
constant fraction discriminators. The fraction of the event
rate for single-charged particles was ∼ 40%. The CFD
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Fig. 2. Correlation of the amplitudes in the scintillation de-
tectors. The left (right) panel corresponds to the correlation
for the 1st and 2nd (the 1st and 3rd) counters.
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Fig. 3. The time difference between the trigger signal and
the radio-frequency signal of the cyclotron. The dashed lines
represent the imposed windows to select the 3He nuclei.
thresholds were tuned in such a way not to lose the 3He
events keeping the dead-time of the data acquisition sys-
tem at the level of 20-30%. The admixtures of the back-
ground events were almost completely eliminated by a
software cut in the offline analysis.
The particle identification was carried out on the en-
ergy losses in the plastic scintillators and time-of-flight
between the target and the detection point. The event
was considered as a certain type of particle (3He) only in
the case when the pulse height was correlated in all three
scintillation counters. The correlation of the amplitudes
in the 1st and 2nd (the 1st and 3rd) scintillation detec-
tors is presented in the left (right) panel of Fig.2. The
distance between the target and the detection point was
about 17 m, which was enough to separate 3He, deuterons,
and protons with the same momentum from the time-of-
flight (TOF - the time difference between the trigger signal
and the radio-frequency signal of the cyclotron, see Fig.3).
The start signal to measure TOF came from the event
trigger. The imposed windows to select the 3He nuclei are
shown in Fig.3 by the dashed lines.
The MWDC information was taken to reconstruct the
particle trajectories in the focal plane FP2. The trajecto-
ries of the detected particles at the second focal plane were
determined by the least square method using the position
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Fig. 4. CD2-C subtraction for the dd→
3Hen reaction at Td =
270 MeV. The open and shadowed histograms in the left panels
correspond to the yields from the CD2 and carbon targets,
respectively. The right panels demonstrate the quality of the
CD2-C subtraction. The panels a), b), c) and d) correspond to
the 3He scattering angle in the c.m. of 5◦, 32◦, 54◦ and 94◦,
respectively.
information obtained from the MWDC. The typical track
reconstruction efficiency of the MWDC was better than
99%. The ion-optical parameters of the SMART spectro-
graph were also taken into account to calculate the mo-
mentum of the particle and emission angle in the target
to obtain the track information. The resulting energy res-
olution was ∼ 300 keV.
The contribution of the deuterium target was obtained
via CD2−C subtraction procedure for each spin state at
every angle. Subtraction procedure is shown in Fig.4 a),
b), c) and d) for the 3He scattering angle in the c.m. of 5◦,
32◦, 54◦ and 94◦, respectively. The spectra are plotted as
a function of the excitation energy EX defined as follows:
EX =
√
(E0 − E3N )2 − (P0 −P3N )2 −MN , (1)
where P0 is the incident momentum; E0 = 2Md + Td is
the total initial energy; E3N and P3N are the energy and
momentum of the three-nucleon system, respectively;MN
is the nucleon mass. The left panels represent the relative
yields from the CD2 and carbon targets shown by the open
and shadowed histograms, respectively. The histograms
are not normalized for the sake of easy comparison. Peaks
at EX = 0 MeV correspond to
3He from the dd → 3Hen
reaction. The right panels show the spectra after subtrac-
tion of the carbon events normalized on luminosity and
dead-time correction. It is clearly demonstrated that the
subtraction procedure has been carried out properly.
The analyzing powers Ay, Ayy, Axx and Axz in the
dd → 3Hen reaction were obtained from the number of
Table 1. The angular dependence of the vector an-
alyzing power Ay in the dd →
3Hen reaction at 270
MeV.
θc.m. Ay ±∆Ay θc.m. Ay ±∆Ay
1.0 −0.012 ± 0.026 54.0 −0.393 ± 0.029
3.0 −0.037 ± 0.016 56.0 −0.326 ± 0.032
5.0 −0.019 ± 0.014 58.0 −0.274 ± 0.024
7.0 −0.081 ± 0.012 60.0 −0.327 ± 0.029
10.0 −0.098 ± 0.012 62.0 −0.348 ± 0.024
12.0 −0.136 ± 0.013 64.0 −0.266 ± 0.024
14.0 −0.133 ± 0.015 66.0 −0.348 ± 0.024
16.0 −0.146 ± 0.016 68.0 −0.326 ± 0.025
18.0 −0.129 ± 0.018 70.0 −0.299 ± 0.024
20.0 −0.119 ± 0.022 72.0 −0.331 ± 0.026
22.0 −0.085 ± 0.024 74.0 −0.271 ± 0.024
24.0 −0.075 ± 0.031 76.0 −0.323 ± 0.027
26.0 −0.018 ± 0.016 78.0 −0.333 ± 0.037
28.0 −0.026 ± 0.012 80.0 −0.290 ± 0.035
30.0 −0.023 ± 0.012 82.0 −0.351 ± 0.033
32.0 −0.043 ± 0.012 84.0 −0.310 ± 0.025
34.0 −0.040 ± 0.013 86.0 −0.172 ± 0.044
36.0 −0.075 ± 0.015 88.0 −0.251 ± 0.044
38.0 −0.093 ± 0.013 90.0 −0.292 ± 0.030
40.0 −0.153 ± 0.020 92.0 −0.349 ± 0.026
42.0 −0.166 ± 0.027 94.0 −0.310 ± 0.024
44.0 −0.177 ± 0.029 96.0 −0.095 ± 0.058
46.0 −0.194 ± 0.031 98.0 −0.181 ± 0.048
48.0 −0.282 ± 0.024 100.0 −0.116 ± 0.062
50.0 −0.329 ± 0.030 104.0 −0.123 ± 0.054
52.0 −0.331 ± 0.032
the events after the CD2−C subtraction procedure and
beam polarization. The number of the events was nor-
malized on the dead-time effect, the detection efficiency,
and beam intensity. When the 3He scattering angle in the
c.m. was equal to or less than 7◦, the azimuthal angle to
cover the scattered particles became larger. In this case
the range of the azimuthal angle was divided into bins of
15 degrees. The asymmetry from each bin for each po-
larized spin mode of PIS was acquired individually and
the analyzing powers were obtained from the fit of the
asymmetries distribution by the functions depending on
the azimuthal angle. Since the polarization modes were
cycled every 5 seconds, the systematic uncertainty due to
any time-dependent effects such as deuterium loss from
the CD2 target caused by beam irradiation, can be ne-
glected.
3 Results and discussion
The results on the angular distribution of the analyzing
powers Ay, Ayy, Axx and Axz in the dd→
3Hen reaction
at the incident deuteron energy Td= 270 MeV are given
in tables 1, 2, 3 and 4, respectively. The systematic and
the statistical error of analyzing powers have been added
in quadrature.
The angular dependence of the vector Ay and tensor
Ayy, Axx and Axz analyzing powers at the energy Td=270
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Table 2. The angular dependence of the tensor an-
alyzing power Ayy in the dd→
3Hen reaction at 270
MeV.
θc.m. Ayy ±∆Ayy θc.m. Ayy ±∆Ayy
1.0 −0.184 ± 0.027 54.0 −0.139 ± 0.041
3.0 −0.204 ± 0.018 56.0 −0.085 ± 0.044
5.0 −0.209 ± 0.027 58.0 0.015 ± 0.032
7.0 −0.192 ± 0.033 60.0 0.047 ± 0.040
10.0 −0.155 ± 0.017 62.0 0.159 ± 0.031
12.0 −0.116 ± 0.018 64.0 0.173 ± 0.031
14.0 −0.027 ± 0.019 66.0 0.198 ± 0.031
16.0 0.042 ± 0.021 68.0 0.262 ± 0.032
18.0 0.145 ± 0.022 70.0 0.277 ± 0.031
20.0 0.248 ± 0.026 72.0 0.192 ± 0.034
22.0 0.283 ± 0.028 74.0 0.213 ± 0.033
24.0 0.397 ± 0.035 76.0 0.102 ± 0.039
26.0 0.385 ± 0.018 78.0 −0.055 ± 0.055
28.0 0.338 ± 0.013 80.0 −0.160 ± 0.054
30.0 0.294 ± 0.014 82.0 −0.221 ± 0.051
32.0 0.211 ± 0.014 84.0 −0.217 ± 0.037
34.0 0.145 ± 0.015 86.0 −0.272 ± 0.063
36.0 0.070 ± 0.018 88.0 −0.440 ± 0.066
38.0 −0.020 ± 0.017 90.0 −0.339 ± 0.044
40.0 −0.025 ± 0.027 92.0 −0.441 ± 0.038
42.0 −0.102 ± 0.035 94.0 −0.514 ± 0.036
44.0 −0.212 ± 0.041 96.0 −0.457 ± 0.079
46.0 −0.169 ± 0.044 98.0 −0.335 ± 0.066
48.0 −0.189 ± 0.034 100.0 −0.389 ± 0.083
50.0 −0.156 ± 0.041 104.0 −0.372 ± 0.073
52.0 −0.132 ± 0.045
MeV are presented in Fig.5. The errors of the analyzing
powers include both the statistical and systematic errors
due to the uncertainty in the beam polarization. One can
see strong variations of the analyzing powers as a function
of the angle in the c.m.
The negative sign of Ayy and Axx values at small scat-
tering angles is in a striking contrast to the positive Ayy
and Axx for the dp→ pd [9,38] or d
3He → p4He [39] re-
actions where the deuteron structure is relevant. The neg-
ative tensor analyzing powers can be understood in terms
of the ratio of the D and S wave component of the 3He
wave function by means of ONE calculations.
Within the framework of ONE approximation the dd→
3Hen process can be described by a sum of 2 diagrams (see
Fig.6) required by the symmetry of the initial state of the
reaction. If the 3He is scattered at forward angles the con-
tribution of the second diagram becomes negligible due to
a large relative momentum between the nucleons in the
deuteron. Consequently, only the first diagram gives the
contribution to the cross section and polarization observ-
ables. It has been found [32] that the tensor analyzing
powers due to polarization of the deuteron beam are sen-
sitive to the ratio of the D and S wave component of the
3He and deuteron wave function, when 3He is emitted in
the forward and backward directions in the c.m., respec-
tively.
Ay
Ayy
A
xx
A
xz
θ
c.m.
 [deg]
0           30         60         90        120
-1
0
1
-1
0
1
-1
0
1
-0.5
0
0.5
Fig. 5. The results on the vector Ay and tensor Ayy, Axx and
Axz analyzing powers at energy Td=270 MeV as a function of
the angle in the c.m. The solid, dashed and dotted curves are
the results of the non-relativistic ONE calculations [25,26] us-
ing Urbana [40], Paris [41] and RSC [42] 3He wave functions,
respectively. Paris deuteron wave function [44] was used to de-
scribe the deuteron structure.
Fig. 6. ONE diagrams for the dd→ 3Hen(3Hp) reaction.
The solid, dashed, and dotted curves in Fig.5 are the
results of non-relativistic ONE calculations [25,26] using
Urbana [40], Paris [41] and RSC [42] (with the parametriza-
tion from [43]) wave functions of 3He. The Paris parametriza-
tion [44] was applied for the deuteron wave function.
The negative sign of the tensor analyzing powers Ayy
andAxx at small scattering angles reflects the positive sign
of the ratio of the D/S wave component of the 3He wave
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Table 3. The angular dependence of the tensor an-
alyzing power Axx in the dd→
3Hen reaction at 270
MeV.
θc.m. Axx ±∆Axx θc.m. Axx ±∆Axx
1.0 −0.237 ± 0.028 54.0 −0.144 ± 0.049
3.0 −0.210 ± 0.017 56.0 −0.233 ± 0.058
5.0 −0.221 ± 0.023 58.0 −0.241 ± 0.047
7.0 −0.260 ± 0.025 60.0 −0.252 ± 0.062
10.0 −0.302 ± 0.041 62.0 −0.338 ± 0.042
12.0 −0.413 ± 0.041 64.0 −0.347 ± 0.043
14.0 −0.482 ± 0.045 66.0 −0.179 ± 0.046
16.0 −0.551 ± 0.007 68.0 −0.139 ± 0.033
18.0 −0.697 ± 0.034 70.0 −0.141 ± 0.026
20.0 −0.744 ± 0.038 72.0 −0.092 ± 0.027
22.0 −0.851 ± 0.038 74.0 −0.006 ± 0.038
24.0 −0.808 ± 0.041 76.0 −0.003 ± 0.053
26.0 −0.877 ± 0.039 78.0 0.013 ± 0.048
28.0 −0.759 ± 0.036 80.0 0.156 ± 0.054
30.0 −0.722 ± 0.038 82.0 0.277 ± 0.043
32.0 −0.589 ± 0.037 84.0 0.351 ± 0.038
34.0 −0.556 ± 0.037 86.0 0.417 ± 0.042
36.0 −0.435 ± 0.039 88.0 0.512 ± 0.046
38.0 −0.301 ± 0.027 90.0 0.755 ± 0.056
40.0 −0.239 ± 0.034 92.0 0.595 ± 0.029
42.0 −0.199 ± 0.036 94.0 0.656 ± 0.043
44.0 −0.165 ± 0.036 96.0 0.524 ± 0.091
46.0 −0.099 ± 0.040 98.0 0.461 ± 0.052
48.0 −0.110 ± 0.044 100.0 0.478 ± 0.039
50.0 −0.112 ± 0.036 102.0 0.365 ± 0.051
52.0 −0.209 ± 0.052
Table 4. The angular dependence of the tensor an-
alyzing power Axz in the dd→
3Hen reaction at 270
MeV.
θc.m. Axz ±∆Axz θc.m. Axz ±∆Axz
10.0 −0.374 ± 0.024 30.0 0.630 ± 0.025
12.0 −0.478 ± 0.027 32.0 0.682 ± 0.027
14.0 −0.449 ± 0.031 34.0 0.644 ± 0.030
16.0 −0.442 ± 0.032 36.0 0.657 ± 0.035
18.0 −0.305 ± 0.040 38.0 0.532 ± 0.024
20.0 −0.188 ± 0.034 40.0 0.465 ± 0.032
22.0 0.103 ± 0.037 42.0 0.430 ± 0.035
24.0 0.224 ± 0.041 44.0 0.424 ± 0.036
26.0 0.401 ± 0.046 46.0 0.370 ± 0.044
28.0 0.505 ± 0.051 48.0 0.256 ± 0.059
function in the momentum space. This behaviour of the
data is consistent with the D-state admixture in the 3He
predicted in several theoretical works [14,15]. However,
the trend of the tensor analyzing powers Ayy and Axx at
the angles below 15◦ in the c.m. is opposite to the ONE
calculations.
The strong disagreement of the experimental data from
the non-relativistic ONE calculations [25,26] is observed
at angles larger than 15◦ in the c.m. The discrepancy be-
tween the data and the calculations shown in Fig.5 can be
explained by the reaction mechanism which differs from
Ayy
θ
c.m.
 [deg]
0          30         60          90        120
-1
0
1
Fig. 7. The results on the tensor analyzing power Ayy at
energy Td=270 MeV as a function of the
3He scattering angle
in the c.m. The solid and dashed curves are the results of ONE
calculations using non-relativistic and relativistic Urbana [40]
3He wave functions, respectively.
ONE and/or by the non-adequate description of the short-
range 3He spin structure. One of the additional mecha-
nisms can be the ∆-isobar excitation. This mechanism has
been taken into account phenomenologically to describe
the T20 data in the d
3He- backward elastic scattering [33].
The microscopic calculation by Laget et al.[41] has shown
that the coherent sum of ONE and the∆-isobar excitation
reasonably reproduces the cross section for the dd→ 3Hen
reaction at GeV energies. The calculation predicts that the
∆-isobar contribution to the cross section is 10% at most
in the energy region lower than 300 MeV. It is a dominat-
ing contribution to the ONE process. On the other hand,
our data on the vector analyzing power Ay have values
of ∼−0.35 at the angles larger than 50◦, while ONE pre-
dicts vanishing vector analyzing powers. Thus our data
have clearly indicated that the processes which are not in-
cluded in the calculations in ref.[32] are important in this
angular region.
The analysis of the experimental data on the cross sec-
tions of the dp → pd and dd → 3Hen reactions [45] has
shown that non-nucleonic degrees of freedom can occur
already at Td ∼500 MeV. The large angles in the c.m. in
the present experiment correspond to the short internu-
cleonic distances where the manifestation of non-nucleonic
degrees of freedom is possible. On the other hand, the dis-
crepancy between the data on the tensor analyzing powers
and ONE calculations [25,26] can be caused by the rela-
tivistic effects. In Fig.7 the tensor analyzing power Ayy in
the dd→ 3Hen reaction at 270 MeV is compared with the
results of ONE calculations using the relativistic and non-
relativistic Urbana 3He wave function [40] shown by the
dashed and solid lines, respectively. Relativity in 3He wave
function is taken into account by the minimal relativiza-
tion scheme [46], where a non-relativistic argument of the
wave function is replaced by the light-cone variable k (with
the corresponding renormalization of the wave function)
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[47]:
k2 =
[α2m2dT − (1− α)
2m2pT ]
2
4α(1− α)[αm2dT + (1 − α)m
2
pT ]
+ p2T ,
m2dT = m
2
d + p
2
T , m
2
pT = m
2
p + p
2
T , (2)
where md and mp are the deuteron and proton masses,
mdT and mpT are the deuteron and proton transversal
masses, α is the longitudinal momentum fraction taken
away by the deuteron in the infinite momentum frame,
and pT is the transverse momentum.
One can see that the use of the relativistic 3He wave
function [46] does not allow one to reproduce Ayy data.
The structure of 3He can be more complicated and de-
pends on more than one variable as in the case of the
deuteron where the strong dependence of the spin struc-
ture on two variables was observed [48]. On the other
hand, the relativistic effects for the both reaction mecha-
nisms and 3He structure should be treated in the consis-
tent way. For instance, if one takes the relativistic kine-
matics, boost effects and Wigner spin rotations, it finally
leads to rather small effects in the cross section and po-
larization observables in Nd- elastic scattering [49].
The observed negative sign of the tensor analyzing
powers Ayy, Axx and Axz at small angles has demon-
strated the sensitivity to the ratio of the D and S wave
component of the 3He wave function. However, the devia-
tion of the experimental data from the ONE calculations
at large angles can be due to not only the nonadequate
description of the short range 3He spin structure, but also
to the influence of the mechanisms additional to ONE.
The measurements of the polarization observables in the
dd → 3Hen process can provide independent information
on the 3He spin structure with respect to the data for the
3He(p, pN) [19] and dp → 3Heγ [21,24] reactions, where
the rescattering and meson-exchange current effects play
an important role and mask the structure of 3He.
4 Conclusions
The high precision data on the Ayy, Axx, Axz and Ay
analyzing powers in the dd→ 3Hen reaction at the energy
270 MeV have been obtained.
The ONE calculations using the standard 3He wave
functions, non-relativistic and relativistic in the minimal
scheme [46], have described qualitatively the data on the
tensor analyzing powers Ayy, Axx and Axz at small an-
gles. But they have failed to reproduce strong variations
of the tensor analyzing powers as a function of the angle in
the c.m. According to the calculations [41] the dd→ 3Hen
reaction is dominated by ONE at these energies. The ∆-
isobar contribution is less than 10% at energies lower than
300 MeV [41]. The deviation of the experimental data
from the ONE calculations can be explained by the non-
adequate description of the short range spin 3He struc-
ture, for instance, manifestation of non-nucleonic degrees
of freedom within the theoretical model considered here.
On the other hand, it is possible that not considered above
reaction mechanisms can affect the polarization data.
The observed features and high precision of the ob-
tained data from the present experiment put serious con-
straints on the models describing the 3He structure. How-
ever, additional measurements of the polarization observ-
ables in the dd → 3Hen reaction at different energies as
well as further theoretical calculations are required to im-
prove the description of the obtained data. In this respect,
our data are important to study the dd → 3Hen reaction
as a probe to explore the short range spin structure of
three nucleon bound state.
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